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AT MACH NUMBERS FROM 1.0 TO 2.3 OF A ROCKET-PROPELLED
FREE-FLIGHT MbDEL WITH A 52.5° SWEPTBACK
WING OF ASPECT RATIO 3

By Allen B. Henning
SUMMARY

An Investigation was made to determine the effects of wing inboard
plan-form modifications on the 1lift, drag, and longitudinal character-
istice of a rocket-propelled free-flight model. This model had a body
of fineness ratio 17.4, a modified wing with & basic plan form swept
back 52.5° and an aspect ratio of 3, and inline horizontal tail surfaces
which were aerodynafjically pulsed continucusly throughout the flight.
The wing modification consisted of extending the basic wing root chord
TS5 percent forward and rearward and tapering this extension to zero per-
cent of the chord at one-half the semispan. The wing thickness' was
increased by 10 percent at the center-line root chord. The increase
of the inboard chord along with an increase of the lnboard thickness
increased the exposed wing volume by TO percent over that of the basic
wing. This investigetion covered the Mach number range from 1.0 to 2.3.
Zero~lift drag and drag due to 1lift were obtained during the coasting
‘portion of the flight. Normal force, pitchihg moment, and longitudinal
stebility were measured throughout both the power-on and power-off por-
tions of the flight.

The flight-test results which were based on the basgic wing area
indicate that the addition of inboard chord-extensions reduced the mini-
mum drag and incressed the 1ift of the configurastion over that of the
basic wing throughout the Mach number range. An apprecisble reduction
in drag due to lift was noted at Mach mumbers sgbove 1.6.




. NACA RM L57D29

E

P

= - LA
= LT e

L

INTRODUCTION

One of the prime factors in the design of ailrcraft is to combine
the component parts into an serodynamically smooth configuration that
produces the largest amount of 1lift for the least amount of drag. An
example of this 1s shown in reference 1 where various wing-body com-
binations using several wing plan forms were tested to obtain thelr
lift-dreg ratios. Minor changes to the wing in a wing-body combination
can produce higher lift-drag ratios. For instance, changing the leading-
edge suction by changing the tip design as in reference 2 or cambering
and twilsting the wihg as in references 3, 4, and 5 influence the 1lift-
drag ratio. The effects of plan form, thickness ratio, thickness dis-
tribution, leading-edge radius, aspect ratio, and Puselage interference
on the drag due to lift are illustrsted in references 6 and 7. The
influence of thickness ratio and thickened root section on the drag due
to 1lift and maximum 1lift-dresg ratio are demonstrated in reference 8.
References 9 and 10 present the idea of inboard chord-extensions and
show the effects of the extensions on the dreg due to 1lift. The pur-
pose of the present investigation was to determine the effect of a wing
plan-form modification on drag due to 1lift at supersonic speeds.

For the present test, the basic swept-wing configuration of refer-
ence 11 was modified by the inboard chord extension idea. The baslc
model center=line root chord was extended three-fourths of the root
chord forwerd and three-fourths rearward, tapering to zero percent exten-
sion of the local chord at one-half the semispan. Contrary to refer-
ences 9 and 10 where the inboard chords were extended without increasing
the wing thickness, the extended chord wing thickness of the present
model was lncreased so that the thickness ratio was 2 percent at .the
wing-body Jjuncture. :

The results presented herein are part of a supersonlic reseaxrch
program using rocket-propelled free-fllght models to investigate the
effect of wing configuretion on 1ift, drag due to 1lift, and longitudi-
‘ngl stebility characteristics. The model was flight tested at the
Langley Pilotless Aircraft Research Station at Wallops Islend, Va.

SYMBOLS

In order to have the data of the test model comparasble to that of
the reference models gll coefficlents used herein are based on the basic
wing area of 4 square feet and the basic mean aerodynmemic chord of
1.33 feet.
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normsl acceleration, ft/sec?

longitudinal acceleration, ft/sec®

wing span, Tt
wing mean serodynamic chord of basic model, ft

81 W

chord-force coefficient, =

normal-force coefficient, -2 X
g as

1ift coefficient, Cy cos @ - C, 8in
drag coefficlent, C, cos a + Cy sln a
Iy6
pitching-moment coefficient, ———
: 5T.3988
acceleration due to gravity, f£t/sec?

moment of inertis in pitch, slug-ft2

Mach number

dynemic pressure, 1b/sq ft

Reynolds number, based on a length of 1 foot
total wing area of basic model, sq ft

weight of model, 1b

lateral distance from fuselage center line, ft

streamwise wing twist due to l-pound load &t O 50 chord,
deg/1b

angle of attack, deg
engle of sideslip, deg

angular scceleration in pitch determined from two acceler-
ometers, radisns/sec?
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o) horizontal-tail deflection, deg
Subscripts:
e elastic wing
r rigid wing
MODEL

The wing-body-tall configuration of reference 11 was used as a
basis for the present test model. The wing of the reference model or
the basgsic wing model was modified by the addition of inboasrd chord-
extensions. These extensions increased .the center-line root chord
length 75 percent forward and T5 percent rearward and tapered to zero
percent extension of the local chord at the lateral wing location of
one-helf the semispan. The center-line wing root +thickness was increased
10 percent. The increased length of the inboerd chords slong with the
increase in thickness permitted approximately a TO~percent incresse in
volume in the exposed portion of the wing. The modified wing had an
aspect ratio of 1.85 and was swept back 52.5° at the basic-wing quarter-
chord line. The streamwise alrfoll section of the inboaxrd half of the
wing varied from an NACA 65A002 at the wing-body Juncture to an NACA
65A004 at one-hslf the semispan, whereas the outboard half of the wing
had a constant airfoil section of NACA 65A00%. The fuselage had a fine-
ness ratio of 17.4. A drawing of the test model showing the location
of 1ts component parts is presented as figure 1. Photographs of the
model are shown as flgure 2. The ordinates of the nose section are
given in teble I, and the geometric and mess characteristics of the
test model are presented in table II. Some characteristics of the basic
wing are also included in table II.

The fuselage was of metal construction and contained a rocket motor
and & telemetering system with instruments to measure the angle of
attack, angle of sideslip, total pressure, and varlous accelerations.
The aluminum-elloy wing and tall were mounted on the fuselage center
line. The aerodynamically pulsed horizontal tail (ref. 12) was mass
balanced and pivoted sbout the 55-percent point of the mean serodynamic
chord of the exposed tail area. In flight this tail surface pulsed
continuously between stop settings of 2.76° and -3.03°.

For this model the wing plan form of aspect ratio 3 was 3.38 inches
forward of the original basic wing location (ref. 11). During the
burning of the rocket motor, the center of gravity of the modified wing
model moved from 0.53& before firing to 0.44E after burnout.
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The model was boosted to a Mach number of 1.77 by & double Deacon
rocket booster which separated from the model sfter burnout. After a
slight delay, the internal rocket motor of the model fired and increased
the Mach number to a maximum of 2.32. When the model was free of the
booster, 1t was disturbed longitudinally by squere-wave pulses auto-
matically produced by the horizontal tail which changed positions from
stop to stop due to the change in direction of the tail 1ift.

The model telemeter transmitted date throughout the test flight
from instruments that measured sngle of attack, angle of sideslip, total
pressure, control position on stop, and normal and longitudinal accel-
erations. Velocity, flight path, and atmospheric data were obtained by
the use of CW Doppler rader, SCR~584 tracking radar, and s rawinsonde.
Flight-test Reynolds number and dynamlic pressure are presented in fig-
ure 3. An envelope of the meximum angles of attack and sideslip reached
by the model throughout the test flight is shown in figure L.

Prior to the flight test the wing was statically tested to deter-
mine the chordwise wing twist due to a concentrated load along the
50-percent-chord line. Btructural influence coefficients were calcu-
lated from this statlic test for use in estimating the loss in 1ift due
to aercelasticity.

ACCURACY AND CORRECTIONS

The error in the quanities from the accelerometers and air-flow
indicators is approximately f1 and *2 percent of their calibrated instru-
nment ranges, respectively. The calibrated ranges of the instruments
used in the test model are given in the following table:

'Angle-of-attack indicator, deg . « . « « ¢« 4 4 4 4 . e o o0 . . 12
Angle-of-gideslip indicator, deg . « . + « ¢« o « ¢ ¢ o o o, +5
Normsl accelerometer &t the nose, gunits . . . . . . . . . . +h0
Normal accelerometer near the center of gravity, g units . . . 50
Longitudinal accelerometer, g units . . . . + ¢« ¢« ¢« ¢« « « « . +1 to =8

Additional errors in the serodynamic coefficients could be csused
by insccuracies in the dynamic pressure which are approximstely twice
as great as the errors In Mach number. The Mach number is estimated to
be accurate to within *1 percent.

Position corrections for model pitching motions were made to the
angle-of -gttack measurements. The readingse of the normal and longitudinal

Voo OeRRIDENTLAL
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accelerometers that were located near the center of gravity were also
corrected for these pitching model motions. The rate of roll was on
the order of 1 radian per second throughout the Mach number range.

RESULTS AND DISCUSSION

All coefficients used herein are based on the basic wing plan form
with an area of 4 square feet and a mean serodynamic chord of 1.33 feet.
The resultant data presented include any aeroelastic effects due to
the flexible wing. Some corrections for aerocelasticity pertaining to
normel-force-curve slope have been made and are presented in the appendix.

Drag

A typical veriation of the dArag coefficient with 1ift coefficient
at a Mach number of 1.4 is shown in figure 5. The complete drag polar
was plotted from the 1ift and drag data produced from one complete
deflection cycle of the horizontal tail, that 1s, at stop settings of

= 2.76° and -3.03°. The drag coefficient was plotted against Cr2
for one complete deflection cycle and the average slope was taken as
the value of the drag due to 1lift. The minimum drag was assumed to
occur at the point of zero 1ift:

The variastion of the zero-1lift drag with Mach number 1s presented
in figure 6. It is shown here that the drag coefficient of the con-
figurstion decreases with increasing supersonic Mach number. Dasta from
the basic wing model of reference 11, the cambered and twisted wing
model of reference 5, and the body-tall model of reference 13 are also
presented. The model of reference 5 has the same plan form as the model
of reference 11. This comparison shows that over the comparsgble Mach
nunber range the modified wing model has 6 to 8 percent less drag than
the basic wing model and 11 to 17 percent lese drag than the cambered
and twisted wing model. Slight configuration differences, such as, wing
root falrings and small accelerometer falrings on the reference models
and large accelerometer falrings and lengthened fuselage on the modified
model, were believed to be compensative and therefore were considered
negligible in comparing drag differences. A decrease in drag by the
modified wing as shown in figure 6 is also shown in the wind-tunnel tests
of reference 9 for a wing-body configuration with a 6-percent-thick wing
modified similarly but with inboard chords extending 67 percent forward
and rearwerd and out to 4O percent at the semlspen. Therefore, it -'can
be noted that the addition of inboard chord-extensions can decrease the
zero-11ft drag of the whole configuration.

N Qo auigtiay
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The dreg due to 1lift of the test model, as shown in figure T,

1
57'3CN6
slightly higher than the experimentsl drag due to 1lift throughout the
Mach number range. The modified wing model with inboard chord-extensions
has from 3 to 25 percent less drag due to 1lift in the test Mach number
range above M = 1.4 +than the basic wing model of reference 1l. The
drag difference between these two models incresses with increasing Mach
number. Comparison of the modified wing deta wlth the cambered and
twisted wing data from reference 5 shows an identical trend. A similar
reduction in drag due to 1lift 1s also shown in the wind-tunnel test of
reference 9 when the inboard chord mcdification test is compared with
the basic wing test. From the present test and the reference test it
can be seen that by extending the inboard wing chords forward and rear-
ward from the wing a reduction in the drag due to 1ift at Mach numbers
above 1.6 can be realized.

increases steadily with Mach number. The expression

Normsl-Force and Total Pitching-Moment Coefficients

The normal-force and total pitching-moment coefficients and the
variation of their slopes with Mach number is presented in figures 8
to 12. Figure 8 shows that the variation of normal-force coefficient
with angle of attack is linear throughout the test Mach number and angle-
of-attack range. The variation of the total pitching-moment coefficient
with normal-force coefficient is also linear throughout the test Mach
number range and is presented in figure 9.

The varietion of the normal-force-curve slope with Mach number is
presented in figure 10 and shows that CNd has & gradusl decrease with

increasing Mach number. Along with the present test data, CNd for the

basic wing model of reference 11 and Cy_ for the cambered and twisted
o7

wing model of reference 5 is also shown. An increase in CN@ of about

0.01 over that of the basic wing model throughout the test Mach number
range 1s gpparent for the modified wing model. The normel-force-curve
slope of the body-tail configurastion of reference 13 is also presented
in figure 10. This curve was used to determine CN& for the wing alone

plus the wing-body interference by taking the difference between this
curve and the normal-~force-curve slope for the modifiled wing model.

This difference is presented as the normsl-force-curve slope for the
elastic wing in figure 11 in order to determine the aeroelastic correc-
tion for CN@' By using the calculations from the appendix, the normsl-

force-curve slope of the elastic wing was corrected to the rigid wing as
shown in figure 11. This correction was not applied to the data of
figure 10.

YN D EEAT, -
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The veriation of the statlc stabllity parameter o with Mach
N

nunber is presented in figure 12. The data of the modified wing model
are presented with the date of the basic wing model and the cambered and
twlsted wing model. It is noted that the center of gravity of the basic
wing model and the cambered and twisted wing model are at the same posi-
tion, wheress the modified wing model has a center of gravity somewhat
forward of that position. Even though the reference date are presented
in this figure, direct comparison should not be made because of the
difference in tail_length between the reference models and the present
test model whose basgic wing plan form had been moved forward. At —the
lower test Mach numbers the serodynamic center of the modified wing
model hes a tendency to move forward, but above a Mach nunber of 1.8
the value of dcm/dCN seemg to remaln constant at a value of sbout -0.3

based on the basic wing mean aerodynamic chord.
CONCLUSIONS

An investigetion of the effects of an Inboerd plan-form modifica-
tion on the 1ift, drag, and longitudinal stebillty of a rocket-propelled
model having & 52.5° sweptback wing of aspect ratio 3 has been presented
herein. Anslysis of the data obtained from modifying the wing plan form
by extending the inboard chord of the wing forward and rearward hes pro-
duced the following concliusions:

1. The zero-lift drag of the configuration was reduced by extending
the inboard chords of the wing and thereby decreasing the inboard thick-
ness ratlo. :

2. Extending the inboard chords of the wing, resulted in an increase
in total 1lift and a reduction in drag due to lift above a Mach number of
1.6. The reduction in drag due to lift increases as Mach number increases.

Langley Aercnautical Leboratory,
Netional Advisory Committee for Aeronsutics,
Lengley Field, Va., April 9, 195T7.
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APPENDIX

EFFECTS OF WING ELASTICITY ON NORMAL-FORCE-CURVE SLOPE

An estimation of the sercelastic effects on the normal-force-curve
slope wes made because of the flexibility of the thin sluminum-alloy
wing. The outboard section of the modifled wing would have a tendency
to twist when deflected vnder & load because of the large sweep angle.
This twist would decreasse the average angle of attack of that section
and therefore decresse the 1lift of the whole wing.

The method used to estimste the change in normsl force due to the
elastic deflection of the wing is explained in detail in reference 1k.
This method determines the ratio between the slopes of the normal-force
curve for the elastic wing and the rigid wing. Wing structural influ-
ence coefficients, .an assumed rigid wing spanwise 1lift distribution,
and an estimated rigid wing normal-force-curve slope are the necessery
information needed in order to estimate the elastic effects by the
referenced method.

The structural influence coefficients were determined from the
measured amount of twist along the wing due to statlc loads spplied at
the approximate center of pressure or, in this case, the 50-percent-
chord line and gt five different spanwise locetions. The static test
results are presented In figure 13. The assumed rigld wing spanwise
1lift distribution was estimated from reference 15. The normal-force-
curve slope for the rigid wing was estimated by the use of the experi-
mental wind-tunnel data of reference 9.

The results from the calculations using the referenced method are
shown in figure 1l with the ratioc of normsl-force-curve slope for the
elastic wing to that for the rigid wing plotted against the loading
parameter q(Cy ) » Where (Cum is the normsl-force-curve slope for
' %/r r
the rigid wing.

WO IDENTTAT)
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TABLE I.- CONTOUR ORDINATES OF NOSE

NACA RM L5TD29

Station, Body radius,

in. from nose in.
0 .17
.06 .18
12 .21
.24 .22
48 .28

T3 35
1l.22 46
2.00 .64
2.45 ]
L.80 1.24
T.25 1.72
8.00 1.85
9.80 2.15
12.25 2.50
13.12 2.61
1h.37 2.75
ik.70 2.78
17.15 3.01
19.60 3.22
22.05 3.38
24 .50 3.50
25.00 3.50
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TABLE II.- GEOMETRIC AND MASS CHARACTERISTICS OF

Wing:
Span, £t . . . < . . . .
Ares, 8q £t : .
Bagic wing . . . . . e 4 e @ s a 4 a4 B e a8 s e s s e s =
Modified wing . . ¢ ¢ ¢ ¢ ¢ o o o o ¢ o « ¢ o o o o o o
Aspect ratio
Basicwing . . . . . . e o s s o s & o s e e e e o & o
Modified wing . « & « ¢« ¢ ¢ ¢ ¢ o ¢ o =2 » o o o o o o
Teper ratio
Besic wing . . . . .
Sweepback of 0.25 chord, deg
Basic wing . . . . . .
Modified wing -
Inboard panel . ¢ « ¢ « o o o o o o « s o o = o o
Outboard panel . . . « ¢« « « + &« ¢ ¢« & o & .
Sweepback of 0.50 chord, common to both wings, deg . . . . .
Mean serodynamic chord, £t
Bagslic wIng . o ¢ & ¢ ¢ 4 o« 4 s e 4 4 o s s e s e 0 = o @
Modifled wing . . ¢ ¢ ¢ ¢ ¢ o ¢ o ¢ o o o o s o « o « o &
Alrfoll section
Basic wing . . . . . " = a % = 2 m = 2 3 2 s = 5 s 2 @ =
Modified wing
A 0.5b/2 80 BID « & v v 4 e v e et e e e e e e e
At wing-body Juncture . . . . ¢ ¢ ¢ ¢ ¢ 4 4 4 s e 2 e a
Wing thickness at center line, percemt chord . . . . . . . .

Bady: :
Maximum dismeter, £t . . .

MODEL

e e e e . 3.6

4.00
.. 6.9
- . 3.00
.. 1.8
.. 0.20
. . 52.50
. . 65.00
. « 52.50
. . hW7.50

.. 1.33
.. 2.8

. NACA 65A004

. NACA 65A00L
. [NACA 658002

.. 1l.76

0.58

.. 0.2
. . 10.16
P L
.. 2.16
.. 1.8
.. 2.70
.. o)

% percent hexagonal

Bage diameter, £t . . . . . . . . . T
Length, ft . . . . . .
Fineness ratlo . ¢ ¢ & ¢ ¢ o o ¢ ¢ 4 o o e o o o s o o s s o o o s u s
Boattail angle, deg . « « & ¢ ¢ 4 ¢« ¢ 4 s o 4 @ s s s s s e e 4.
Horizontel tail:

Bpan, £ . . ¢ 4 ¢t b i it e et e e e e e e e e e e e e e . .
Aspect xablo ¢ . . v . 4 h bt h i e e e e e e e e e e s e e e
Bweepback of 0.50 chord, A& « « « « « ¢ « « & 2 « « o = o s » o ¢ o @
Airfoil section . . . « . ¢ ¢« ¢ . . s e s 6 o e 8 e s o @
Vertical tail:

Span, £ . . . . . 4 0 4t e e e e e e e e e e e e e e e e e e e e
Aspect ratlo . . . ¢ ¢ 4 4 4 e e e e 4 s e s e e
Sweepback of leading edge, deg .
Sweepback of tralling edge, deg . . . . . e e s e e e

Airfoil section . . . . . e e e s e e s e s e e e e i—--inch beveled

Model weight, 1b:
With rocket motor Joeded . « « ¢ ¢ & ¢« ¢ ¢ ¢ & o o o &« s o« «
With rocket motor empty . . & & ¢ ¢ ¢ 4 ¢ ¢ ¢ & ¢ ¢ « « o &

Moment of inertia in pitch, slug-f£12:
With rocket motor loaded . « ¢« ¢ « « ¢ ¢ ¢ s o o o & o a o o
With rocket motor empty . « ¢ ¢« ¢ 4 ¢ ¢ ¢« ¢« ¢« ¢ & o o « &

Center of grevity, percent of meen serodynamic chord:
With rocket motor loaded
Basic wing @&
Modified wing
With rocket motor empty

Bagic wing ¢ . .
Modified Wing € . ¢ ¢ o ¢ ¢ o o o « o o « s o = « s & «

Qe

. . 1.67
.. 1.18
.. 15
flat plate



l-—l
=
et~ 12 o 38—»
r——‘————‘;.oe
5.00
0.25 diam.
/ 1 ]
-4 = - +—} - | 22.20
\ /
¢ 8 Bale——— 25, 65— Hinge line
le—13.25—
le———19 80—
3,77 -t 82.18 >
e 121.87 P
15%+ A
7.00 700 0.55
diam.
i ——— ‘
7 !
— — — T e T ‘:_\ “ 20.13
e — il ~
Total-pressure tube Accelerometer fairing 29.5 1.
4.62—4*—’l
L2 6 ¢ 2 5

62aLeT W VOVN

Figure 1.- Test model. All dimensions are in inches unless otherwise noted.
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(a) Side view.

(e¢) Three-quarter view.

Figure 2.- Photograephs of model.
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(b) Dynamic pressure.

Flgure 3.~ Variation of Reynolds number, per foot of body length, and
dynamic pressure with Mach number.
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Figure 4.- Variation of maximm angle of attack and induced sideslip
with Mach number.
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Figure 5.- Typlical variation of drag coefflcient with 1ift coefficient.
Mach number, 1.4.
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Figure T.- Variation of

drag due to lift with Mach number.
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Figure 8.~ Typicel variation of normal-force coefficient with angle of attack over the Mach number
range.
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Figure 9.- Typilcal variation of pitching-moment coefflclent with normal-force coefficient over B
the Mach number rsnge.
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Figure 10.- Variation of the normal-force-curve slope with Mach number.
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Figure 1l.- Variation of the wing normsl-force-curve slope with Mach
nunber. Wing alone with lnterference.
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Figure 12.-~ Varistion of static stabllity parameter with Mach number.
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Figure 13.- Streamwise wing twist due to l-pound load at 0.50 chord.
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Figure 1k.- Calculated ratio of normal-force-curve slope for the elastic
wing to that for the rigid wing.
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